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Toward Automatic Classification of Partial Discharge
Sources With Neural Networks
Akimasa Hirata, Member, IEEE, Syou Nakata, and Zen-Ichiro Kawasaki, Member, IEEE
Abstract—In this letter, we propose an automatic classification
scheme of discharge sources on the basis of Fourier spectrum
for received electromagnetic (EM) pulses. Confirming the repro-
ducibility of EM pulses from each source validates this scheme.
The recognition rate for six discharge sources is 80% or better.
The feature of our system is time efficient and to treat hundreds
of pulses.
Index Terms—Digital systems, fault diagnosis, neural-network
applications, partial discharges.
I. INTRODUCTION
PARTIAL-DISCHARGE (PD) activity is a symptom of aninsulation breakdown or a warning for the insulation failure
of electrical power apparatus and can emit impulsive electro-
magnetic (EM) noise. For realizing the high reliability of power
systems, it is desirable to identify the location of PD sources
with high accuracy. Our group has proposed remote-sensing
techniques on the basis of the time difference of received pulses
[1] and multiple signal classification (MUSIC) [2]. Note that an-
other group has carried out a similar approach [3]. According to
this literature, the remote sensing techniques for the PD source
localization are found to be effective, but the error in estimated
source location is not always small. Thus, another approach will
also be required as an auxiliary scheme for source detections.
It has been reported that waveforms emitted from PD sources
are different from each other [4]. It is not easy to classify them
by a slight look at time-domain waveforms. Also, the waveform
of an EM wave is distorted by the reflection from the ground.
However, this affects the frequency spectrum of an EM wave
marginally. Thus, let us pay attention to the frequency spec-
trum of EM pulses emitted from PD sources, since they are
largely dependent on power-line defects [4], [5]. Then, we pro-
posed to apply neural networks to this classification [6], partic-
ularly to realize an automatic system. Similar approaches have
been reported for online PD measurement systems [7], [8]. In
this letter, first, we confirm the reproducibility of EM pulses
from PD sources in order to ensure the validity of our proposal.
Then, we demonstrate the effectiveness of the application of
neural networks to the automatic classification of six discharge
sources.
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II. EXPERIMENTAL SETUP AND SIGNAL PROCESSING
A. Experimental Setup
Only the outline of our measurement system is described,
since it can be found in [1]. Wide-band antenna array is used
as an EM wave sensor and located at 5–15 m from a discharge
source. The antenna is connected to a digital storage oscil-
loscope (DSO) by a coaxial cable through a band-pass filter
(25–250 MHz). The EM waves are digitized at a sampling
rate of 500 MHz by the DSO, which is controlled by a per-
sonal computer (PC). In order to detect an EM pulse train,
the memory of the DSO is divided into 1000 segments. Each
segment records a pulse for the time window of 2.0 s.
The total of six discharge sources is considered: three simu-
lated discharge sources and actual PD sources in motors of three
electrical power apparatus. The former sources are a needle-
plane electrode, a faulty contact of two strain insulators, and a
cracked pin-type insulator. The latter sources are PDs in the in-
sulators of electrical power apparatus: forced draft fans, cooling
water pumps, and condensate booster pumps.
B. Signal Processing
1) Correlation: The reproducibility of EM pulses from PD
sources is investigated. The maximum value of a cross corre-
lation coefficient between an ensemble average of EM pulses
and each EM pulse are calculated for the sources. Note that the
ensemble-averaged waveform for a source is calculated by av-
eraging more than a thousand pulses. The reproducibility of EM
pulses from a specific discharge source is evaluated with the av-
erage value of a maximum cross-correlation coefficient. This
is evaluated in the time domain for fixed source-antenna dis-
tance. One of the waveforms with the highest signal-to-noise
ratio (SNR) received by the antennas is used for this evaluation.
2) Neural Networks: Neural networks are one of the candi-
dates to realize an automatic classification, because of their ca-
pability of pattern recognition [9]. A structure of three-layered
networks is chosen in this paper, because of its simplicity. A
back-propagation algorithm is applied to train the networks with
a learning rate of 0.2 and a momentum rate of 0.9. These values
are chosen so that the network is learned efficiently.
To recognize the spectrum patterns by the neural network, it
is important to select a set of input data properly. Our procedure
for producing the learning signals for the neural network is as
follows. The waveforms in the time domain are transformed into
the Fourier spectrum. Then, the Fourier spectrum of the wave is
normalized so that the total of the Fourier spectrum becomes
unity. Further, mean values for the typical spectrum are consid-
ered as learning signals.
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Fig. 1. Normalized Fourier amplitude for different discharge sources.
III. RESULTS
Cross correlations of EM pulses from PD sources are eval-
uated only for needle-plane electrode and a motor in a forced
draft fan, in order to avoid repetition. The cross correlation be-
tween pulses emitted from them were 0.988 and 0.752. Note
that the latter value is somewhat smaller than the former. This
is because the experiment has been conducted in a power plant
and, thus, the background noise was not negligible. Also, note
that the gap between the needle and plane was varied from 1.0
to 5.0 mm. However, no clear difference was observed between
the spectrums. From these results, not the magnitude of capacity
of discharges but the kind of sources is essential to characterize
the frequency spectrum of EM pulses emitted from discharges.
In [1], we have shown that the frequency spectrum for
discharge sources is concentrated in the frequency range below
150 MHz. In order to learn neural networks, we decide to
pick out a total of 26 spectral components from statistical fast
Fourier transform (FFT) results. That is, there is the frequency
band of 25–150 MHz with an interval of 5 MHz. Therefore,
the neural network is designed to have 26 inputs, 10–50 hidden
units, and six output neurons. Fig. 1 shows the comparison
of the normalized spectrum between discharge sources. As is
evident from this figure, significant differences can be observed
between them. It is worth noting that the spectrum of a cooling
water pump and condensate booster pump are similar. The
reason for this would be the analogy of their inner structure,
together with their similar functions. Therefore, they are treated
as the same source and, thus, the number of output neurons
becomes five.
Table I shows the recognition results by neural networks with
a different number of hidden units. Note that measurements have
been conducted in the situation where different sources exist.
The relative positions of antennas are changed in order to en-
hance the validity. Also, note that they are classified by DOA
estimation [1]. From this table, it is found that the noise sources
can be reasonably classified. The recognition rate was 80% or
better. It is worth noting that the recognition rate is not so af-
fected by the number of hidden units. This recognition rate is
sufficient as we have treated not one pulse but a train with hun-
TABLE I
RECOGNITION RATIO OF DISCHARGE SOURCES BY THE NEURAL NETWORKS
(1: NEEDLE-PLANE ELECTRODE, 2: STRAIN INSULATOR, 3: PIN-TYPE
INSULATOR, 4: FORCED DRAFT FAN, AND 5: COOLING BOOSTER
PUMP/CONDENSATED BOOSTER PUMP)
dreds of pulses and, thus, a computationally efficient algorithm
proposed in this system can be practical. Also, in this system, it
is not difficult to improve this recognition rate by using fine fre-
quency resolution or using a wavelet transformation to de-noise
the received signals (e.g., it should be noted that sophisticated
signal processing, which is a combination of Welch and MUSIC
algorithms, is proposed to extract more exact frequency spec-
trum of EM waves emitted from PD sources [6]. The scheme can
be useful to know the frequency characteristics of EM waves.
However, it is not computationally efficient and, thus, is not so
suitable to our approach, which treats hundreds of pulses.
IV. SUMMARY
In this letter, we proposed an automatic classification scheme
of PD sources on the basis of Fourier spectrum. Confirming the
reproducibility of EM pulses from each source validated this
scheme. The recognition rate was 80% or better for six sources.
This scheme can be extended for any number of sources whose
spectrum is known. Another feature of our system is to treat
hundreds of pulses and time efficiency.
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